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P r i n c i p a l  I n v e s t i g a t o r :  Karl J .  Casper 
Summary 
Th i s  s t a t u s  r epor t  covers  research on s i l i c o n  and germanium 
d e t e c t o r s :  
(a) 
(b)  tests of l a r g e  volume s i l i c o n  d e t e c t o r s ,  
( c )  
Large volume l i t h i u m  d r i f t e d  germanium d e t e c t o r s ,  
temperature dependence of t h e  energy r e s o l u t i o n  of s i l i c o n  
d e t e c t o r s .  
e , [ ? P I M C ~ '  A I n  a d d i t i o n ,  p r e p r i n t s  of two papers now i n  p r e s s  
Th i s  r e sea rch  is  being published under t h e  auspices  of t h i s  g r a n t  and 
concerns a p p l i c a t i o n s  of r a d i a t i o n  d e t e c t o r s  t o  nuc lea r  spectroscopy. 
F i n a l l y ,  r e sea rch  on t h e  i n t e r n a l  Compton e f f e c t  which was 
f i n i s h e d  during t h e  pe r iod  covered by t h i s  r e p o r t  has  been discussed 
i n  a s e p a r a t e  r e p o r t  i s sued  August 10 ,  1966. 
. .  
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Lithium Dr i f t ed  Germanium Detec tors  
3 An 8 cm l i t h i u m  d r i f t e d  germanium detector has  been i n  opera t ion  
for  more than s i x  months. T h i s  de t ec to r  i s  a f ive-s ided  coax ia l  type  and 
has  a r e s o l u t i o n  of 4 keV w i t h  the Co60 l i n e s  at 1.17 MeV and 1.33 MeV 
using an uncooled FET preampl i f i e r .  
The l i m i t e d  supply of d r i f t a b l e  germanium has  proved t o  be the 
primary de lay  i n  t h i s  area, Orders t o  Sylvania  have taken over  f i v e  
months t o  fill and l i t t l e  o r  no mater ia l  w a s  obtained from them u n t i l  
August. 
I n  an e f f o r t  t o  ease t h i s  s i t u a t i o n ,  Semimetals, Inc .  was contac ted  
as a p o s s i b l e  s u p p l i e r .  Thei r  mater ia l  has  prev ious ly  been of poor 
q u a l i t y  f o r  l i t h i u m  d r i f t i n g .  However, s eve ra l  sugges t ions  were made t o  
them by us t o  improve t h e  q u a l i t y  of t h e  germanium. They cooperated 
p r imar i ly  by r ebu i ld ing  the i r  furnace  t o  make it  vacuum t i g h t  and by 
expending cons iderable  e f f o r t  i n  e l imina t ing  l i n e a g e  from t h e i r  germanium. 
I n  September, a sample slice was suppl ied t o  us .  T h i s  p i ece  exh ib i t ed  
normal d r i f t  c h a r a a t e r i s t i c s .  The t o t a l  d r i f t e d  depth was 6 mm when 
d r i f t e d  a t  100 v o l t s  and 47OC f o r  f i f t e e n  days. 
been d e l i v e r e d  and w i l l  be tested. 
The rest of t h e  ingot  has  
A pre l iminary  vers ion  of t h e  prepara t ion  of l i t h i u m  d r i f t e d  
germanium d e t e c t o r s  i s  given below. 
P repa ra t ion  of t h e  c r y s t a l  f o r  d i f fus ion .  
The c r y s t a l  is  sanded l i g h t l y ,  c leaned i n  t r i ch lo roe thy lene  and 
a l c o h o l ,  and placed i n  a s a t u r a t e d  so lu t ion  of copper s u l f a t e  i n  
h y d r o f l u o r i c  ac id .  The copper w i l l  p l a t e  onto t h e  crystal  and is  then 
cii'fused i n t o  +he n r ~ r a f o l  w - J  -___ i n  n i l -  on a hot  p l a t e .  The c r y s t a l  is  sanded 
3 
. .  
u s i n g - a  sanding wheel and a l l  co rne r s  a r e  s l i g h t l y  rounded. A f t e r  c leaning  
and scrubbing wi th  t r i ch lo roe thy lene  and a l coho l ,  t h e  su r faces  which are 
not  t o  be d i f f u s e d  are pa in ted  w i t h  Alkadag a 5 4  a v a i l a b l e  from Acheson 
Co l lo ids ,  Inc.  
Di f fus ion .  
-5 Lithium i s  evaporated i n  a vacuum of 10 mm or better onto a l l  
f a c e s  of t h e  c r y s t a l  which a r e  t o  be d i f fused .  Without removing t h e  
crystal  from t h e  vacuum, t h e  l i t h ium is  then d i f f u s e d  i n t o  t h e  crystal  a t  
about 4OO0C f o r  twenty minutes. 
Several  methods of hea t ing  the  crystal  have been t r ied.  The most 
successfu l  has  been t o  p l ace  the  c r y s t a l  on a carbon block which has  t w o  
Vulcan 550 w a t t  Thunderbolt heaters mounted in s ide .  The temperature is  
monitored w i t h  a platinum wound r e s i s t o r .  The block is  heated t o  t h e  
c o r r e c t  temperature  and t h e  system i s  then f i l l e d  w i t h  helium gas t o  a 
p r e s s u r e  of 1 mm. This  permits  ove ra l l  hea t ing  of the  c r y s t a l .  
A f t e r  d i f f u s i o n ,  t h e  helium gas is pumped out  of t he  system and 
t h e  c r y s t a l  is  allowed t o  cool t o  room temperature  i n  t he  vacuum. I t  is 
r e l a t i v e l y  important not  t o  allow air t o  reach t h e  crystal  s i n c e  l i t h i u m  
p r e c i p i t a t e s  very r e a d i l y  i n  t h e  presence of oxygen a t  e leva ted  temperatures .  
P repa ra t ion  f o r  d r i f t .  
The crystal  is removed from t h e  vacuum sys tem,  washed i n  d i s t i l l e d  
water and the  su r faces  a r e  l i g h t l y  sanded. The depth of the d i f f u s i o n  
can be determined by a copper p l a t i n g  procedure.  The c r y s t a l  i s  submerged 
i n  a 20 g / l i t e r  CuS04-H20 s o l u t i o n  and a n ine  v o l t  r eve r se  b i a s  appl ied  t o  
t h e  crystal .  C q p e r  p l a t e s  heavi ly  at t h e  junc t ion  on t h e  p side of the 
4 
, j u n c t i o n  but  no t  on t h e  n-side. The d i f f u s i o n  is  accep tab le  i f  i t  is  
g r e a t e r  than 0.3 mm. 
The copper is then removed by immersing the  c r y s t a l  i n  HNO Those 
3' 
regions of t he  c r y s t a l  corresponding t o  t he  exposed p-n junc t ion  are 
sanded on t h e  lapping wheel w i t h  $320, #600 sanding discs and then a pe l lon  
disc which is  kept w e t  w i t h  a cerium oxide s l u r r y .  The c r y s t a l  is etched 
i n  6:2:1 HN03, HF, fuming HNO The etch is  usua l ly  performed twice, t h e  
f i r s t  etch l a s t i n g  u n t i l  s i g n i f i c a n t  e tching a c t i o n  has  ceased o r  t h e  
s o l u t i o n  has  become q u i t e  h o t ;  the  second etch se rves  as a cleanup etch 
and is u s u a l l y  quenched a f t e r  one o r  two minutes. 
3 '  
If t h e  c r y s t a l  i s  a p l ana r  device,  both t h e  top  and bottom s u r f a c e s  
are covered w i t h  gallium-indium e u t e c t i c .  For a coax ia l  device,  t h e  n-type 
l i t h i u m  d i f f u s e d  s u r f a c e  is  covered wi th  e u t e c t i c  and a s m a l l  drop of 
e u t e c t i c  is  placed i n  t h e  c e n t e r  of t he  p-type region. 
D r i f t  . 
D r i f t i n g  is  carried out  i n  Freon-113 which has a b o i l i n g  po in t  of 
47'C. 
used and t h e  diode i s  placed i n  series w i t h  l i g h t  bulbs t o  l i m i t  t h e  
c u r r e n t .  For t he  first three hours ,  t h e  vo l t age  appl ied  is  only 100 v o l t s  
i n  o r d e r  t o  bu i ld  up t h e  junc t ion .  A f t e r  t h a t ,  a v o l t a g e  s l i g h t l y  less 
than t h e  breakdown vo l t age  is appl ied.  
A power supply capable  of providing 0-300 v o l t s  a t  3.5 amps is 
Two types of d r i f t  have been observed. In  general  p l ana r  devices  
c o n t i n u e  d r i f t i n g  f o r  nea r ly  one cent imeter  without r e q u i r i n g  f u r t h e r  
d i f f u s i o n .  On t h e  o t h e r  hand, i t  h a s  been found necessary t o  r e d i f f u s e  
coaxial devices .  If there is  no degradation of t h e  diode characterist ics 
w i t h  time, i . e . ,  the current does not s t e a d i l y  i n c r e a s e ,  it has been o f t e n  
found t h a t  t h e  l i t h i u m  is d r i f t i n g  very slowly. Usually,  t h e  c u r r e n t  
gradual ly  inc reases  w i t h  t i m e ,  which is characteristic of l i th ium 
p r e c i p i t a t i o n ,  and i t  is  occas iona l ly  necessary t o  r e d i f f u s e  t h e  c r y s t a l .  
A f t e r  d r i f t i n g ,  t h e  diode i s  red i f fused  t o  renew t h e  l i t h i u m  
contac t .  A t  t h i s  po in t  t v o  cleanup d r i f t s  are performed. The f i r s t  i s  
carried out  a few degrees  below room temperature d i s s i p a t i n g  30 watts i n  
t h e  diode. Th i s  d r i f t  lasted f o r  two days. The c r y s t a l  is  then mounted i n  
i t s  dewar system and cooled t o  l i q u i d  n i t rogen  temperature.  Both the  
cu r ren t  vo l t age  curve and capac i tance  a s  a func t ion  of vo l tage  are measured. 
The capac i tance  curve should e x h i b i t  near ly  a f l a t  characterist ic above 
approximately 10 volts/mm if t h e  material i s  w e l l  compensated. I f  i t , i s  
not  f l a t ,  t h i s  means t h a t  t h e  compensated region i s  not  i n t r i n s i c  and 
t h e  dep le t ion  depth i s  a func t ion  of t h e  bias vol tage .  This  v a r i a t i o n  i n  
dep le t ion  depth is reflected by a v a r i a t i o n  i n  capaci tance.  
The temperature of t h e  c r y s t a l  is  now adjus ted  so t h a t  the  second 
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cleanup d r i f t  a t  200 v o l t s  has a cur ren t  of 0.3 m a / c m  of su r f ace  area. 
Th i s  is  most e a s i l y  accomplished by slowly feeding l i q u i d  n i t rogen  i n t o  
t h e  dewar and monitoring t h e  c u r r e n t  personal ly .  Af te r  f o u r  o r  f i v e  hours 
of d r i f t ,  t h e  crystal  i s  cooled t o  l i q u i d  n i t rogen  temperature and the 
c u r r e n t  and capac i tance  characterist ics are aga in  measured. This  process  
is repeated u n t i l  t h e  capac i tance  c h a r a c t e r i s t i c  becomes f l a t .  
Th i s  c leanup process  i s  very important from t h e  s tandpoint  of 
op t imiz ing  t h e  r e so lu t ion  and producing symmetric gamma r a y  photopeaks. 
These are dependent on exact compensation of t h e  material. Since t h e  
i n i t i a l  d r i f t  is usua l ly  carried out a t  high c u r r e n t s ,  t h e  compensation 
is not exact  s i n c e  there w i l l  be some d i s t o r t i o n  of t h e  e lectr ic  f i e l d  
f r 3 ~  t h F s  c u r r e n t .  I n  gene ra l ,  t he  l i t h ium ions  which see t h i s  cu r ren t  
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. in add i t ion  t o  t h e  f i e l d  of t h e  impurity atoms w i l l  be s l i g h t l y  d isp laced  
from a pos i t i on  where they w i l l  compensate t h e  material, and a d r i f t  a t  
much lower temperature is  necessary t o  move t h e  l i t h i u m  ions  i n t o  t h e  
c o r r e c t  i n t e r s t i t i a l  pos i t i on .  The las t  cleanup d r i f t  provides  t h e  l a s t  
small necessary displacement.  Some f u r t h e r  adjustment w i l l  occur a t  
l i q u i d  n i t rogen  temperature and a s l i g h t  improvement i n  r e so lu t ion  a s  a 
func t ion  of t i m e  has  been noted. 
7 
Large Volume S i l i c o n  Detectors 
The d e t e c t i o n  of high energy p a r t i c l e s  such as protons above 
100 MeV r e q u i r e s  s i l i c o n  detectors of unusually large dep le t ion  depth. 
The pa th  l eng th  of t h e  p a r t i c l e s  i nc reases  r a p i d l y  w i t h  energy and f o r  
protons whose energy is 160 MeV t h e  range is  about 9 c m .  I t  is  not  
feasible t o  l i thium-ion d r i f t  t h i s  d i s t ance .  However, a detector has 
been f a b r i c a t e d  i n  the fol lowing way. 
As shown i n  Fig. 1, the  s i l i c o n  ingot  has  been squared of f  t o  
form a r ec t angu la r  bar. I n  t h i s  p a r t i c u l a r  case, t h e  dimensions of 
t h e  bar were 1.5 c m  x 1.5 c m  x 11 cm. Li th ium w a s  d i f f u s e d  i n t o  one 
of t h e  1 . 5  cm x 11 cm faces  and d r i f t e d  t o  a depth of 1 c m .  The 
d e t e c t o r  thus  formed can be used t o  de tec t  high energy protons i f  t h e  
p a r t i c l e s  are inc iden t  normally on one of t h e  1 c m  x 1.5 c m  faces. 
Th i s  detector was completed and has been tested a t  the  Harvard 
Univers i ty  cyc lo t ron  where 160 MeV protons are a v a i l a b l e .  The leakage 
c u r r e n t  of t h e  d e t e c t o r  a t  room temperature was 100 pa a t  100 v o l t s .  
Since very  high vo l t ages  are necessary f o r  t h i s  d e t e c t o r  i n  order t o  
ob ta in  good t iming and complete charge c o l l e c t i o n ,  i t  was cooled t o  
l i q u i d  n i t rogen  temperature  before  using. The detector w a s  mounted 
i n  t he  system shown i n  F ig .  2.  The en t rance  window t o  t h e  detector was 
a 10 m i l  t h i c k  beryl l ium p l a t e  which ,  by c a l c u l a t i o n ,  should spread 
t h e  r e s o l u t i o n  by less than 100 keV. A t  l i q u i d  n i t rogen  temperatures 
the c u r r e n t  a t  2000 v o l t s  w a s  less than 1 0  amps which was s u f f i c i e n t l y  
l o w  for t h e  e l e c t r o n i c s  used. 
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I n  the  i n i t i a l  t e s t s  a t  t h e  cyc lo t ron ,  t h e  d e t e c t o r  w a s  p laced 
d i r e c t l y  i n  t h e  beam using only the  r e s i d u a l  i ons  t o  produce t h e  beam. 
A siIlgl0 1-d Fnllirnator _ _ _  was used w i t h  a tkick~ess of 2 and an en t rance  11 
8 
Fig. 1 
9 
F i g .  2 .  Large volume s i l i c o n  de tec tor  w i t h  as soc ia ted  c r y o s t a t .  

11 
hole  1/8" i n  diameter. A t y p i c a l  spectrum obtained with t h e  d e t e c t o r  
is shown i n  Fig.  3. Considerable e f f o r t  w a s  made t o  reduce t h e  excess ive ly  
large number of counts  i n  t h e  t a i l  of t h e  spectrum. The hor izonta l  
alignment and t h e  v e r t i c a l  he ight  were a l t e r e d ,  and double l e a d  co l l ima to r s  
were used. To see i f  a l l  of t h e  charge was being c o l l e c t e d ,  t h e  b i a s  
vo l t age  was va r i ed  between 500 and 2500 v o l t s .  N o  change i n  pu i se  he ight  
was seen above 1500 v o l t s ,  and t h e  spec t r a  taken above t h i s  vo l tage  were 
i d e n t i c a l .  None of t hese  methods el iminated t h e  t a i l  of t h e  spectrum. 
A t  t h i s  p o i n t ,  t h e  beam energy was degraded t o  provide 100 MeV 
protons.  A spectrum of these p a r t i c l e s  i s  shown i n  F ig .  4.  The 
r e s o l u t i o n  of t h e  peak has  been reduced, but i t  i s  q u i t e  obvious t h a t  
t h e  con t r ibu t ion  of t h e  t a i l  is  considerably smaller. I t  w a s  concluded 
tha t  t h e  primary problem w a s  mu l t ip l e  s c a t t e r i n g  of t h e  protons wi th in  
t h e  d e t e c t o r .  Mul t ip le  s c a t t e r i n g  involves no large s i n g l e  s c a t t e r i n g s ,  
but merely t h e  co l l abora t ion  of a l 'arge number of s c a t t e r i n g s  which 
would i n d i v i d u a l l y  be so s m a l l  t h a t  no d e f l e c t i o n  of t h e  inc ident  p a r t i c l e  
would be  de tec ted .  These s c a t t e r i n g s  occur i n  t h e  production of t h e  ion 
p a i r s  and may add i n  such a way as t o  g i v e  a r a t h e r  l a r g e  ove ra l l  
d e f l e c t i o n  of t h e  inc ident  p a r t i c l e .  This  process  i s  suscep t ib l e  t o  
t h e o r e t i c a l  t reatment  on a s t a t i s t i c a l  b a s i s  s i n c e  so many s c a t t e r i n g s  
occur.  Such a t reatment  has  been done, although not  publ ished,  by 
W .  M. Pres ton  of Harvard. For t h i s  experiment t h e  beam would be expected 
t o  spread  out  r a d i a l l y  with a Gaussian d i s t r i b u t i o n .  The locus  of t h e  
h a l f  maximum p o i n t s  of t h i s  d i s t r i b u t i o n  forms a c i rc le  with a diameter 
of 1.5 c m .  This  is  g r e a t e r  than the  v e r t i c a l  th ickness  and equal t o  t h e  
width of t h e  d e t e c t o r .  A s  a r e s u l t  it w a s  f e l t  t h a t  t h i s  e f f e c t  was t h e  
one r e spons ib l e  f o r  t h e  t a i l  i n  t h e  spectrum and t h e  i n i t i a l  experiment 
was concluded. 
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Fig. 3 .  Spectrum of 160 MeV protons measured w i t h  large volume si l icon 
detect or. 
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F i g .  4 .  Spectrum of 100 MeV protons obtained by degrading 160 MeV 
protons with absorbers. 
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However, f u r t h e r  experimental work t o  check t h i s  p o s s i b i l i t y  has  
been performed by A.  M. Koehler with t h e  cyc lo t ron .  A series of 
aluminum p l a t e s  of i nc reas ing  thickness  was placed i n  t h e  beam of 
protons w i t h  a photographic p l a t e  a t  t h e  back of t h e s e  p l a t e s .  The 
divergence of t h e  beam w a s  measured as a func t ion  of p l a t e  thickness  
and t h e  c i r c l e  produced a t  t h e  end of t h e  range had a diameter no 
g r e a t e r  than 0.5 c m  which is  not i n  agreement w i t h  t h e  t h e o r e t i c a l  
p red ic t ion  and is  w e l l  w i th in  t h e  d e t e c t o r  dimensions. 
Several  p o s s i b i l i t i e s  t h e r e f o r e  remain t o  be explored. A method 
f o r  a d j u s t i n g  t h e  v e r t i c a l  alignment of t h e  d e t e c t o r  w i l l  be t e s t e d .  
The alignment is  most cr i t ical  s i n c e  a misalignment of only p is  
s u f f i c i e n t  t o  reduce t h e  e f f e c t i v e  dep le t ion  depth seen by the  proton t o  
less than a maximum range of 9 cm. 
In  a d d i t i o n ,  a much l a r g e r  d e t e c t o r  is  now being d r i f t e d .  An 
ingot  1 2  c m  long having a diameter of 3.6 c m  was obtained from Dow-Corning. 
Th i s  w a s  sanded i n t o  t h e  form of a r ec t angu la r  ba r  2.5 cm x 2 . 5  c m  x 1 2  c m .  
I t  i s  intended t o  d r i f t  t h i s  d e t e c t o r  t o  a depth of 2 cm thus inc reas ing  
t h e  cross-sectional area by more than a f a c t o r  of t h r e e .  A t  t h e  present  
t i m e ,  t h e  d r i f t e d  depth of t h i s  d e t e c t o r  is  1.1 c m .  Both t h i s  and t h e  
f i r s t  d e t e c t o r  w i l l  be checked again a t  t h e  Harvard Cyclotron i n  t h e  
middle of December. The v e r t i c a l  alignment w i l l  be v a r i e d ;  t h e  second 
d e t e c t o r  which w i l l  not be completely d r i f t e d  u n t i l  l a t e  sp r ing  w i l l  have 
a ver t ical  th i ckness  equal t o  t h a t  o f t t h e  f i r s t  d e t e c t o r  but w i l l  have 
n e a r l y  twice t h e  width. A comparison of t h e  s p e c t r a  recorded by t h e s e  two 
d e t e c t o r s  w i l l  a l s o  h e l p  se t t le  t h e  m u l t i p l e  s c a t t e r i n g  quest ion.  
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Temperature dependence of t h e  energy r e so lu t ion  of si1 icon d e t e c t o r s ,  
One of t h e  aims of t h i s  research w a s  t o  measure p o s s i b l e  f luc tua -  
t i o n s  i n  t h e  energy r e s o l u t i o n  as a funct ion  of temperature  of l i t h i u m  
d r i f t e d  s i l i c o n  de tec to r s .  Some improvement i n  r e s o l u t i o n  is  t o  be 
expected as t h e  temperature is  reduced t o  l i q u i d  n i t rogen  temperatures  
s i n c e  t h e  r eve r se  leakage c u r r e n t  is  decreasing and the carrier mob i l i t y  
i s  inc reas ing .  However, i t  has  been found t h a t  t h e  r e s o l u t i o n  of 
germanium d e t e c t o r s  is bes t  a t  temperatures s l i g h t l y  above l i q u i d  
n i t rogen .  By analogy, one might also predict  a similar effect  w i t h  
s i l i c o n  d e t e c t o r s .  
As p a r t  of t h i s  experiment a l i t h ium d r i f t e d  s i l i c o n  detector w i t h  
t h e  p-ring conf igura t ion  shown i n  F ig .  5 w a s  used i n i t i a l l y .  T h i s  p-ring 
s t r u c t u r e  permits  d i r e c t  con tac t  of t h e  r i n g  w i t h  t h e  metal ho lde r ,  and 
t h e  d e t e c t o r  is  eas i ly  cooled t o  a p a r t i c u l a r  temperature.  It  should be 
noted ,  however, t h a t  t h i s  type  of d e t e c t o r  has not given u s  optimum 
r e s o l u t i o n  a t  room temperature.  Direct  comparison of s l i c e s  from t h e  
. 
same ingo t  shows t h a t  t h e  conf igura t ion  gene ra l ly  used by us  and 
p rev ious ly  repor ted  y i e l d s  a 
of t h e  main reasons f o r  t h i s  
f r o n t  s u r f a c e  and be c e r t a i n  
However, t he  a b i l i t y  t o  cool  
f o r  u s e  of t h i s  s t r u c t u r e .  
better r e so lu t ion  by a f a c t o r  of two. One 
i s  t h a t  i t  i s  nea r ly  impossible  t o  l a p  t h e  
t h a t  t he  i n t r i n s i c  region has been reached. 
t h i s  de t ec to r  w a s  t h e  primary motivat ion 
The system used i n  these measurements w a s  pumped only t o  forepump 
vacuum. The copper block on which the  d e t e c t o r  w a s  mounted was i n s u l a t e d  
w i t h  mica. In order  t o  achieve a set of s table  d e t e c t o r  temperatures  
between room temperature  and l i q u i d  n i t rogen  temperature ,  simultaneous 
c o o l i n g  Ly a l i q u i d  Eftrogen r e se rvo i r  and hea t ing  by a c a r t r i d g e  h e a t e r  
18 
-PORING 
-INTRINSIC REGION 
-LITHIUM DIFFUSED 
REGION 
CROSS SECTION OF PORING DETECTOR 
Fig. 5 
1 9  
were employed. The block on which t h e  de t ec to r  was mounted was in su la t ed  
w i t h  mica from t h e  l i q u i d  n i t rogen  r e se rvo i r  whi le  t h e  c a r t r i d g e  h e a t e r  
w a s  mounted i n  t h e  block i t s e l f .  Dynamic equi l ibr ium w a s  poss ib l e  
although ha l f  an hour w a s  u sua l ly  necessary t o  be c e r t a i n  t h a t  equi l ibr ium 
had been e s t ab l i shed .  
A Bi207  source which has  a set of conversion l i n e s  from t h e  569 keV 
and 1063 keV t r a n s i t i o n s  was used f o r  the  r e s o l u t i o n  measurements. Both 
r e so lu t ion  and leakage cu r ren t  were measured. The leakage  cu r ren t  continued 
t o  decrease as t h e  temperature decreased. However, t h e  r e so lu t ion  as 
shown i n  F ig .  5 a c t u a l l y  displayed a minimum a t  about - lOO°C. 
most of our  d e t e c t o r s  are f ab r i ca t ed  without a p-ring s t ruc ture ,  it was 
d e s i r a b l e  t o  determine t h e  c h a r a c t e r i s t i c s  of t hese  o t h e r  de t ec to r s .  
Three types  of ho lde r s  are used: Teflon,  polyethylene,  metal with a t h i n  
polyethylene i n s u l a t o r .  Each of these  d e t e c t o r s  w a s  mounted i n  t h e  
vacuum system, and t h e  leakage cur ren t  and r e so lu t ion  were measured as a 
func t ion  of temperature.  In  order  t o  monitor t h e  temperature ,  a platinum 
r e s i s t o r  w a s  a t tached  t o  t h e  c l i p  holding t h e  d e t e c t o r  and t h e  system was 
allowed an hour t o  reach equi l ibr ium. It w a s  assumed t h a t  t h e  d e t e c t o r  
temperature  and t h e  temperature of t h e  mount were t h e  same a t  t h a t  t i m e .  
Su rp r i s ing ly ,  t h e  r e s o l u t i o n  showed no minimum as before .  Moreover, t h e  
leakage  c u r r e n t s  r a r e l y  f e l l  below 20 nanoamps. These r e s u l t s  l e d  t h e  
susp ic ion  t h a t  t h e  temperature of t h e  d e t e c t o r  w a s  not  being accu ra t e ly  
measured. 
Since 
This  po in t  was checked i n  t h e  fol lowing way. A b ra s s  tube  
con ta in ing  a platinum r e s i s t o r  f o r  temperature measurement was epoxied 
wi th  s i l v e r  bear ing epoxy t o  a d r i f t e d  s i l i c o n  d e t e c t o r .  Then t h e  mounting 
block tenperstnre and t h e  de t ec to r  temperature were both monitored as t h e  
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s y s t e m  w a s  cooled t o  l i q u i d  n i t rogen  temperature.  
temperature f e l l  quickly t o  l i q u i d  n i t rogen  temperature ,  but  t h e  tempera- 
t u r e  of t h e  d e t e c t o r  d i d  not  drop nea r ly  so much as can be seen from 
Fig .  6. The i n s u l a t i o n  of t h e  d e t e c t o r  was simply t o o  good t o  permit 
low-temperature cool ing .  
The mounting block 
Thus, t h e  temperatures  achieved i n  these holders  never reached 
t h e  poin t  a t  which t h e  minimum w a s  observed i n  t h e  p-ring device.  A change 
i n  t h e  i n s u l a t i o n  of t h e  metal holder  from polyethylene t o  sapphi re  i s  
now being made, 
e l e c t r i c a l  i n s u l a t i o n  p r o p e r t i e s  , but  has a thermal conduct iv i ty  nea r ly  
two o r d e r s  of magnitude better than  Teflon or polyethylene.  The  r e s u l t s  
of these measurements w i l l  be reported la ter .  
Sapphire i s  p a r t i c u l a r l y  advantageous s i n c e  i t  h a s  good 
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F i g .  6 .  Minimum temperature achieved i n  de tec tor  us ing  d i f f e r e n t  holders  
clamped to  l i q u i d  ni trogen reservo ir .  
polyethylene  i n s u l a t o r  between L t  and t h e  de tec tor .  
Metal holder has  a t h i n  
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Abs t ract 
A test of time reversal invariance in electromagnetic 
traneltlons i r  proposed In which all possible two gamma-ray 
angular correlations In a triple cascade are measured. The 
results can be combined to yield a term proportional to Cos 7 .  
